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IIWRODUCTIOW 

Single -cylinder dynamometer tests (references 1 and ?_) have 
shown that engine cooling and fuel economy at cruising powers can 
be improved by operation at fuel-air ratios leaner than those provided 
by the usua3 automatic lean carburetor settings. Inasmuch as improve- 
ments of the cooling and the fuel economy are attractive means for 
increasing the range, the possibilities of realizing similar gains 
with a conventional multicylinder engine installation have been 
investigated by tests of a Pratt & Whitney R-l830-if3 ongine mounted 
in a B-2UD nacelle in the full-scale wind tunnel. 

The ongine temperatures, the baffle pressure drops, and the 
fuel consumptions were measured for engine operation at about 0.6 of 
rated power for values of the fuel-air ratio from 0.056 to 0.090. 
The lower of these fuel-air ratio values is only slightly above the 
leanest mixture for smooth engine operation while the upper value 
is rich. In automatic lean the carburetor that was tested provided 
a fuel-air ratio of about 0.072 at cruising power. The power wa3 
limited to about 0.6 of the normal engiu.e rating to hold the brake 
mean effective pressure below the detonation limit for the 100 octane 
fuel used. With a better fuel the tests could have been extended to 
higher powers . 



APPARATUS AND TESTS 



The full-scale wind-tunnel equipment and methods of operation 
are described in reference 3. A Pratt Sc Whitney if 18^0^3 engine 
with a normal rating of 1100 brake horsepower at ?5p0 rpm equipped 
with a General Electric turbosuneroharger and Hamilton Standard 
constant -speed propeller was installed for the tests in a modified 
B-2tD production nacelle (fig. 1). 

The "baffle pressure drop for each engine cylinder wa3 determined 
from the difference between the total pressure at the baffle inlet 
and the static pressure at its outlet (fig. 2). 
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Temperatures of the rear spark-plug gaskets, the cylinder 
bases, the carburetor inlet air, and the accessories were measured 
with a self -balancing potentiometer . The fuel-air ratio was 
determined from Or oat analysis of samples of the exhaust gases 
taken in the tail pipe to tiie tiirbosupercharger using a chart for 
conversion to fuel-air ratio. The standard in3trumentation required 
for the engine operation included a sensitive tachometer and 
carefully calibrated flowmeter . 

The "basic tests were made with the propeller pitch, tunnel 
speed, and encine TpA fixed In order to maintain constant power 
at approximately 6bC horsepower. Temperatures and fuel flows wero 
measured with the carburetor set at automatic lean, with tho mibcture 
leaned to a fuel-air ratio of 0.060, and for an intermediate 
condition giving imximum head temperatures. Additional tests at 
fuel-air ratios of O.O56 and 0.090 were made at approximately the 
same power with the propeller governing. Factors affecting the 
cooling other than the fuel -air ratio were held a3 constant as 
practicable throughout the tests. 



RESULTS AIID DISCUSSION 



The engine cylinder bo,rre.l and head temperatures measured 
with constant power at three different fuel-air ratios are shown 
in figure 3- The baffle pressure drops corresponding to these 
test conditions are shown in ficure A cross plot showing the 
variation of the head and barrel tcmooratures on cylinder 1 with 
fuel-air ratio is shown in figure 5- The temperatures measured 
at about the same power with the propeller governing aro included 
on figure 5. Tho cylinder temperatures were corrected for small 
differences in the cooling air and carburetor air inlet tempera- 
tures for the reference temperature of 100° F by a 1° per degree 
correction on the head and a 0.5° per degree correction on the 
bases. The test temperatures were all within 10° of the reference. 
The variation of the specific fuel consumption with fuel-air ratio 
is. shown in figure 6. 

The results show that leaning the fuel-air ratio from the 
automatic lean setting of 0.072 to O.056 decreased the number 1 
head temperature 50° F and the base temperature 22° F (fig. 5) . 
Similar temperature decreases were obtained on the other cylinders 
(-fig- 3) ■ The fuel consumption was likewise decreased from about 
0.^5 to O.39 pound per brake horsepower hour (fig. 6). 

The results indicate that the cruising range can be extended 
considerably by operating the engine at fuel-air ratios of O.060 
or below instead of at the richer mixtures provided by conventional 
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carburetor settings. In addition to the, direct increase of ranga 
resulting from the 12~;oercent lover fue]. consumption, the decreased 
engine temperatures reduce the necessary cooling drag. For airplanes 
in which it is necessary to open cowl flaps to cool in cruising 
flight, the extension of range resulting freer operation with closed 
flaps and lean mixtures may "be as much aj ^0 percent. 

Cruising flight at extreme) 1;- lean fuel-air ratios will require 
adequate instruuBn cation and careful engine operation to avoid 
backfiring from over -leaning and detonation at higher brake mean 
effective pressures than those of the present tests (reference 2) • 
The use of fuels with higher knock ratings will greatly simplify 
this type of operation. 



CONCLUSIONS 



1. The engine cooli;ig and the fuel economy will be improved 
in the cruising po^er range by operation at fuel-air ratios 

of O.ObO or below instead of at the value of about 0.070 which is 
representative of present practice. 

2. The cruising range will be considerably extended by operation 
at low fuel-air ratios, particularly if the cooling in cruising at 
present mixtures requires opening the cowl flaps. 



Langley Memorial Aeronautical Laboratory, 
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Langley Field, Va., June 13, I'9k2. 
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Figure 1.- 



Installation of 1830-43 engine and B-24D nacelle in the full-scale wind tunnel. 
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